Increasing exposure levels cause an abrupt change in the absorption and metabolism of acutely inhaled benzo(a)pyrene in the isolated, ventilated, and perfused lung of the rat.
The carcinogenic polycyclic aromatic hydrocarbons (PAHs) are active primarily at the site of entry to the body. Lung cancer following inhalation of PAH-containing aerosols such as tobacco smoke is one likely example. A suggested mechanism for this site preference is a slow passage of the highly lipophilic PAHs through the thicker epithelia of the conducting airways, accompanied by substantial local metabolism in airway epithelium. However, it is likely that the airway epithelium will become saturated with PAHs at surprisingly low exposure levels. The purpose of this research was to quantify the level of saturation for inhaled benzo(a)pyrene (BaP) in the isolated, perfused lung (IPL) of the rat. BaP was coated onto carrier particles of silica 3.5 microm diameter at three different levels. The DustGun aerosol generator was then used to deliver respectively 2.2, 36, and 8400 ng of BaP to the IPL with the carrier particles in less than 1 min. For 77 min after the exposure, single-pass perfusate was collected from the lungs. Lungs were then removed and, with the perfusate, analyzed for BaP and metabolites. Results show that the absorption and metabolism of inhaled BaP in the lungs was highly dose dependent. At low exposure levels absorption of BaP in the mucosa was proportional to the concentration in the air/blood barrier and proceeded with substantial local metabolism. At higher exposure levels the capacity of the epithelium to dissolve and metabolize BaP became saturated, and the absorption rate remained constant until crystalline BaP had dissolved, and the process proceeded with much smaller fractions of BaP metabolites produced in the mucosa. This phenomenon may explain the well-known difficulties of inducing lung cancer in laboratory animals with inhalants containing carcinogenic PAHs, where similar lifespan exposures are used as humans may experience but with much higher dose rates.